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MULT I VALUE MAGNETORESISTIVE READ/WRITE MEMORY AND 
METHOD OF WRITING TO AND READING FROM SUCH A MEMORY 

The present invention relates firstly to -» 

,..,, rr ,,i stive read/write memory accoicnng 
p , , ni b.".o of patent ciaim 1. ruu 

T .^, r pc -o a method of writing to such a '^emorv 

' to the preamble of patent claim 7 and rc a 

n-.ethod or reading from such a rremory according to the 
pi-snmb-e of patent claim 11. 

K.aanetoresistive read/write memories, which are 
rfcParrad -o as MRAM memories (m«g.ietui _s±^ - • 
ac ^"-,',en l orv), are memories in winch daca can oe 
s ::: pd e,d also read again at one address. The memories 
oeneraily have one or more storage cells, the storage 
e ,,._. c . residing in the magnetically vanaoie 
resistance of the storage cell or .he storage ceLis 



20 



ug-herte the development concerned 
3r::: - a qe veils, as they are kncwn, w: 
„ ,. ^ . , >- for t he rnagne t ore s ist i 



dng circle- va.;ue 
a binary svcrage 

T.^niOL" I tt S . I'll^-cG 



storage 

c c rcluotc 



:el :.s 



jmpri se 



which are preferat 



tv;o mterse :ting 
=i 1 i cred 



^lectnc 



25 




, ,:;7rfeach other. At the intersection between these 
conductors, there is a layer system comprising two 



laV ers, 'one of the layers being formed from 
aetis material and the :tner layer r; ■, - 



n ,-:,-eiic material. Between the magnetic layers there is 
a tunnel oxide . Such a storage ce.u i^d.bu.-C^^ ^ ^ 
fiacre description in connection with fig- 1. ^V? 
o ; the state of magnetization, the magnet i zar. ion 
directions in the magnetic layers can be a, igu-,.. ..... 

, an-: or antiparallei. Copending 

j • n -n r'ne r.aar.eii'..' . ay-is, 

microti znticn direction x t 

... . .... C ell has a different eleztn-; 

this case, a parallel magnetization di 
a lower electrical resistance c:: 
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a defined 



;eni 



" ' „„„ .-p11 Depending 

■ ,,-rit-fen co che memory -ex-. - h 

f m-ormation is written co v e in its 

- lhrraaP cell experiences a ona^ge 

,. n whe t.her the storage ^ei _ current or 

„ rf . rr in the process, c. 

nf C .'-mation contenL i se can 
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- 3 - 

^ j 1 -i n-^ In this 

. , ~ r thp corresponding r^ai - 

f ; e tpctea ~n - loss or 

, S eV each read operation results in . ^ 

l G;: ,ation ««» the oeil. « order - 

„!! , q un after the Leaa -t ~ 
■.he storage td- " 

been completed. 

^ sinqi e-value MRAM storage 

, s . A -5.734.605 discloses a sing d 

cell in which two or .ore «^ ^ because of 
-ween tw: electric conduct a. . 

r ,. .-, ur .ling tetween the mag,.....-.- - 

" t-^a, ion directions are a.*«,» 

. th er in the absence <■>. a j 

parallel witn each othei ^ s 

-eld. The information stored x - !■ n Qf 

, jncoded in the direction of the ^ ^ af 
'he ,agnet:c layers. In :rder "™* ^J^ q£ the 
-h-'jp -r the electric..*- i-- - •- 
u , - n -p.- laroe magnetores is . i - - err 
•avers, based ...a ^- - _ 1C ,, ;f f:::ent to 



by a magnetic fiel<: 



which 



2 0 



.. di-e.-titn of a first 
—1 o-er the magnetic-,- i d . ^ ^ 

vrt is n:t surf -^i^ 1 - 
magnetic layei but ,, t -, g net:c layer 

-M-ati-n direction or a se^cn 

being applied. 
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the problem cf the 



- ncreaf 



«= c ; 



area 
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v .= q \ y d 

,l.',enr cf single-value storage «- 
h,t. cower fin memo ry systems, m 
L value storage concepts have reer. 
hitherto been proposed only for 
. .„ , han MF.AMS. Such a memory 

• . t 1 ^ r n t ~ ~ f\ I 



_ s in :-rder to 

recem: ^ mes 
developed, but: 
--her types cf 

type is, f c > r 



35 



,p,on-3 than Mr. wis . ■ ^..^ v;nl .ch 

ctppov (electrically erasaiu*. — ■ 

example, an ELtR'^ ^i- v V/ . — 

t . ,-, =, - - e ras e a - - 1 ^ ' 

■ .a ^' v - i r =i « V ::ci-w i.iiUw^t> 

subregions o: a 

■ -o discrete states 

•..foe range ai - - performed in tne 

n M-ia ritp cannot re t-cn 
assignments cf tins - f continuously 

e since no storage 

3C ° rage ■ _ D ,c. gib le. This is because, on 

.Me information is pcsibl 



'/RAM 
var 



r ;vnip information is p^->-- rp n s 
h . ba S1 s of then- principle. — - 



AMENDED SHEET 



: ur mentally constitute a system with 
, f - ; . H -re,e scales. The approaches to . 
, tc tf.e .^forementiour. - - 
^L'- ^sf erred t.c the magnet oresisf. ive 



a finite number 

uitivalency with 
^nnon z hereiicre 
v.emorie.s . 
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, ,-ong WP, Lee. BI. Joe. SK (19S-8) "A 
Mu:til3V-.red .--u..t.- Transactions on 

,-c IEEE inc., New iork, \ci. - 

Magnetics, US, inn* , n :ayer 

CP. 10-59-1C71: have shewn, b, u..~. . ^ 
h ilM ^nc nichei-ircn, ii--,.ei - i 1 oiw — * — 
\ in -eh case separate 5 from one 

and cobalt layers, in - f , r med cn a 

another by a copper intermediate la 

,-,, h ip layer, tnat be^au-- - 
silicon copper i--ble la, magnetic 

f-^id strengths o. tne - 

coerc... /it.. " " ,,. irns 0 f the magnet 1 - 

► magnetization dne.acns 3- 
1 avers, t..e i-d ,.,.. llv t-y means ->t 

r -n be folded over mdividaall; 
layers c«a be t _ fip - d rhis phenemencn v. a* 

anolymg a cur.eable magnetic f red . in the 

measured by using a respective!., a.ru t 3 ^ 

layer sequence, -e^-^ - 
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: ar.ee 



;f the 



o 



25 
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. ef^rr. Furthermore, ^--ctM . 

Kar.etoresist-'.e er .,„.. r ,- n iirectrens 

" a .... 3 , t the individual magueti^t 

L " OFO °" ' 1 . VPr . in a sequence beaming wi.n u.e 

, hP maanetrc layers m _ , a ,-, wn 

" " ~ ; ,. it -h ~ h e hiQhest magnetic hcaan.— - 

magnetic layer wrth .he . elertric 
a3 far as that magnetic layer with -h- 

wariness 

. r.ga-i to multivalue structures is 

Al8,: Kn3Wn . h d-.des^s a digital magneto- 

US-A-5,F*5.9*€, wnicn d-SClcs. 

resist i-'^ 



sensor fo: 



readrng from 



magnet ic 



data 



35 



' c- , mui-Uaver structure, 

8t cra 3 e system. This sensor h. a multilay er 

whose electrical resistance ,s measu ^ 

p . mr , is p S a number of f err <-,ia v .i- 
atructuw compns-s ci q ,.., t i 2 -.ation 

.„ r s , r i therefore -n« -3 — 

- ^'-d^er-i: uui,=i.w - • h.fluenced by 

-hp Midrciuai la/eis - =i 
- iir ^ r " 1 " V fi , ld which is generated by tne 

, n external magnetic fi-.ia. 

corresponding data carrier. 
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o i ' '■ ■ 
extern" - .'. 
digitn . 

On th- 
in tent: : '.: 
memory : -< 
a merr "- 
desert ';. 
parcior: 

an 

w r 1 1 1 1 - • 
he err 

Ac cor:'; . 
obi ecv 
memory 

layer 
mcer ;: - 
the in 
layer 
two ci 
a ma : 
magne -" 
of or.-: 
1 1; r : . ■ 
or. r t 



In tn 
mulc.v 
cor re 
35 Furth 



o^ld strengths. In this / ^ 
.-,or changes in graduated steps " 

' " fWd varied, which preuuees a 

aqnetio tieia 

• rut si glial • 

.: s G * the aforementioned prior art, the 
" ^^istive read/write 

i- to provide a magnetoiesis 

-° /, f wr . ting co and reading from sue:: 
- a method of writing 

in which the disadvantages and prob..e,u 

; Ration to the F r:n art are avowee 

^ "with regard to a possitle saving or area, 

anri = suitable metnou - 
.. MF AM memory ana - 

o,,--- an MRAM memory aie - -' 
and reading from su,., an 

_ _ f r h^ invention, this 
v. the first aspec- ei tii- - ^ 

, .,, h -eved by a magnetoresistive reaa, ,i - - 

,w -.^-v-r-e cells, eacn scoiu-r--- 

, a ,-,r ; ,= c ,r more - 

"-' " . ,. rh - lfl -nuduccors .".no 

• • intersecting e.cC 

apprising magneto: layers lo.at.e-i , . ^ 

.... of the electric conductors. Accc.a.n, - 
. h ~ h e memory is characterized in that tne 
designed as a multilayer system witn 
I.;, "magnetic layers, mthat at least two bu 

■! - ] avers neve 
all the magnet i_ -a < - 

erection that can be set mdeoenaent... 
.. , and in that the magnetization direc a- 
•idual layers is changed or can re cnang- 
3 of the electric current flawing ^o_ 
c endue cor s . 

., a mult lvalue memory h<„. - 

., 1 1 ... =urd t he re L c re 
storage — - ftd 

-,!•/ high storage cao^it, 

_ v , n p a r least one st 
this memory oi -he a.. 

,- r anii/i-ir read from --. 
written to ana. -i 



oi 



ier 



WO 01, 



19' 



5 - 



PCT/DE00/03293 



10 



15 



A rvi:r 
irive:r. 
tor;".: 
mu 1 r. ". ■ 

c oriel . 
direc i: : 
m aivi 
indeper 
other 
menoi '. 
ma g II-- ' 
a c o o i - - ■ 
in. arr 
the n 
requiv 
nor v 
sma '.. 
de sc . - 



2 0 



f U : ' 



to rh--- 
the ir-' 
the c . 
25 elecr:. 



In cr:- 
in t re 
anc r r ' . 
the 

(remao: 
abcer 



30 



feature c , the menory accords 
of the storage =ell or —age 
memory consists in using an - 
.„ s ^n, -.vith n greater or ecc - ' 

,.. r - f t v rwc electric 
,,-s a- the intersection •.•t - . _ 

. . , . f - v t h a r ian ne c i z a 1 1 c . - 
\ t being cossiole f tn„ . 

— "" hn ;:rr;r: rrrr 

-eater than or equal to t 
,. of th e magnetization direction -n ; - 
^ While m the case of the -gi^- ~ 
'^gnetication direction is ,n on., 

9 -i= me muif.-alue niemor.es 

t .,. in -he case <,t tne mux ^ 

The invention, tins can new ce 
-a nunfrer of magnetic layers. Li: 

- = n v*r" depending on Li.e 
Magnetic layers ,an ,a is 

and application, so chat * A 

-od -r. a specific nunter ,f 

~ ea " ■ -iveaav been 

._aver system nas in trmc^l, ----- - 

•jS-A-5,585,98-5. 
, fea t, r -, for che nexcrv acr-rarcc 

:r;r;;r.— = ; 

i. or =.r. t e chane,* on 

7 th e "electric turret, tlow.no C ,ro„o, 
■ ..ouctors . 

- duai maonetrc layers indep eaaer_> - - 

the nennc. •• 

- necessary - ,^-ectior, 

- f the n!-aci.eticat..o., 
•••=' '" - i ,,., l3r c if, brought 

- -uoni m the individual " 

,. Pe .p r r field strength* ^ 
.: :S pec + ; ively d^t i-e-^r- 

■ .;e icndocrorr . 
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In U;? ■ 
mult: - 
the 
syrr-" 
Furt:v 



,,,, this requirement is achieved by ore 
' . . , t :aiine structure ana c, 

stem having a -ly-tuir 

layers having different cn,.^-- 

' her-^f-re magnetic anisetrees 

t la^eVhave a different chictnecsanc 



WO 01" 

lay.v 
to a :•. 
screr. ' 
seve: 
the : ' 
th~ •' 
Bfe.- • 
mui- - ■ 
comp -i- ' 
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With 

mver.: : • .■ 
per.r.i : . ' 
sub?r v 
The ' ■ '•' • ; 
dire:;: : ■ 
via - ' • 
diff.,.' ■ " 
each " 
inte :.>'•• ." 

C O O 0 ' 

macr.^"" ■ ' 
of 

2 5 adequo ; - r - 
indiv: r 
the :' ' 
phys i ~ : 
in re '. e 

The 

prod: 
a sir' = 
in ir- 
is or' 
mag: r 
iaye: 
use ' : ' 
fie". : 
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. gv I£ the multilayer .y.»" - ^ 
with a respectively ,?eti:.rt 

— — orrrrot:; 

* - e " h " :han9e O l r M ,,f,e, a,i 

— ch o£ t!ie O: «;; e c,i™ 

. configuration ut - ,. 

- complex ^nufaccumy cpe-r, - - — ■• 
, vsC em, such a system is 1— ^ 
-::d costly. 

, -pciPt^v- memory according to the 

*- c iq followed, oiis 
, dlf ferent route ifa 

,anuracture of ^ne.r. ^ ^ 

individual setting c. t 
the ihdiviaual layers t S tictgn.t 
, tj]v dlfEe rent fie.3 stie. :! ^ r. 
- r ^~ intensities, .-oi t»- - - 

■ , ir re,r flow, through tire c*o 

- electric cuxre.it r - „ 

-,n rh- basis of - - 

-onductors, jn tu- 

I H «« :n each rase rorme:3 arcuao - ; 
^ ' ... f i eLd acts on the indrv.aua, 
magnet... txeu , ,.*«,.■•!■ 

-s of the ruitilayer system, ao - - — ; 
...Utter can he remaoneti,ei in the eve... ~- 
. h Ud serenes. The remagnetizati ,i o 
before depends on the -gnitu e 

, ^v. t v P two conductors ana -.-ic 
... . -loving through t.^ 

c . rei . n p,-ive magnetic ia/ei 
, ; naement of the reaper 

../the ele:tric ;on:lu=cors. 

.. -inq conductors into whi- - _ 
. field is impress^ J.er_ 

t - - - i for the 'tie moo. • 
•ad and/or write tool foi ^ 

... „ f Bin qle- value memories, a t:xe. 
1 i,, , the conductors and either change > 

: "directron in the r^tixabie 

, C h the present xi.-.- 

./h e fact that a change in ' ^"^y 

i- \ v'a- me i ■ - • • • 
. .. is sure able to s<=-- - " - 
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a: •• '" ' 
ino-- ■• ; " : " 

rjY" 

car r: < ■ ' 
5 more "> ' /; • 

Advar. r " .vne -- 
invert: ■ ~-r 



ina : :r-7-:r 

can r "'" 
via -ii 
out :r, - : 

15 of r 

f O: '■■ '-• ' 
i mi: 

dif v: 
mag iv--' ' 
20 inter.:-'-' '.. 
produce a 
magnet: za 
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T tie : . : ■ " ; - 
from a 
is nor 
3 0 other 



oe a . .. 

35 In it 
dee 1 •■ ■ 
iaye r. 



a large number of 

o£ one another an, mdrvrduaU / ■ ■■- 
, 1££ere « m a £ =netre : ield -renins « : 
. varl oas ways, as will be eaprarneo ... 
:' th . farther coarse of the description. 

it ^rrr-iira to ore 
embodiments of the memory 

,-ge from the subclaims. 

-a,*- be set 
..,^ on directions '-hc-.t wA.. 

of' one another Ln tne inii-lduax ; 

v he set or can be capable of -, - 

-"current intensities. This car. o 

„ t wavs depending on the ccn^gu-c,. 

■ ent wayS ' P , . -c receivable 

,,, e C ells. For exempt, i- - _ ^ 

-th different current int-^^ ^ ~ 
t'r-e electric conductcrs n > ; 
^M-atior directions m - 
: '" gne - 1 u of different current 

Ac a result or -r. .- 
' H-ferent field strengths ere 

..n each case. di.rcient 

lp1 , t n a change m - n ~ 
; c h then leau 
flection in one or acre layers a noc. 

, e£in9me nf, the .!.=«!= -doctors oan be 
::igh carreer densities- 

.- -sonetti layers are f -i' . ^ 

f^tic -terra!. However, the an en 
.. 0d to specific material types, so ....... 

... materials are also possible. 

;v3 ! , ;e!:£1 . lc condaatosa ran 
haqonally to one aaather. 

^ ras- a tunnel 
. . ,. .efinetaent, m «-h — 

" Provided between two advene magnet _ 
'hOtronlc conduetrvity bnrougn sues , . 
. .Uao.prrsrn^a.netre layers and ban e ; 
.".I £ ,,aa between bne,a re sobstar.t ^ ■ > 
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wo ci/M-' : 

; • ch- tunnel effect through the cr. 
der - : '' : '' .... ^..^n of a suitable thiclatess tor 
die -"' : " : Tiel^^ic is therefor. c£ parciciuar 

^nations in the la,e, ™ 



^"^■''.'..''Ve^-e variations i, the 

leaCJ ' :;;„ n _ - the layer enters approximately 

si""- ' ■ ■ : "- ~~ - , rrrPnV preferably •• out 

t into the t.unne, tuutiu. 

exponer:: - ^. , iplf , ctnC layers v/itn a 

; -:-..o,y - than tunneL die-ten ^ ^ ^ 

. .." : t - •» nan rmeter? brrb ar- 



not •■ o: 

th: 

10 US«=U. 



, - , second aspect c, Che present invent-. 

RCC - .h" ...c ;1 c= t= c .agnetoresistrve teasC,^, 

* = ' ' - , a -hthe invention as des.-ribec. above - = 
'eeaciV a., v.v.ag e, th= in „ e ncion, is 

. , „- . : ~h according L~ lu- 
15 Pr ° VldS " '.'ft. the following steps: ai i,. f cessans a 
Chara -"- 4!r -a- ".-sarent into the two electee: 

Var:! ' : ' r ; "„ \ result, producing a carreer: 

conouc'-o:. --o, - ... 7 . t ^Ti direction in 

■ . cp-t--na the magnetize --n 

. wrx-tic layers or tne ....... . 

2U thf " T V : „_. gt h of the magn,tuC field prcuuce., 
VU : ~ V^f Sections in the individual layer 

--n-rdpntlv of one ai.sths- /xa 

be b ? "lb: q 'h r^i.i» Ln su ' :h a 

dl b e l ebltetLatitn dtcectt.ns acestt he- c 

25 "' a - "' , P bt need the highest field strength -O. 

rhor:b. : ■ ^ " --i-c'" ions are 

... - t,d that the magnetisation .U- -c - 

the n-.u. - - - r-esrect ivelv neea --. 

...... - those layers wnn-h respec 

lower "i:.ebi strength for tne purpose. 

r-he method according to ..h- 

As a • , t-i w v-t- e to a 

. . r , qs - b ie in a simple wa/ to 

^ beton.ts- ss..cie , t0 rage ceil 

■ ■ . - raetoresistive memoi .. 

• ■ ^" '.,, 3 According to the invention, - ; - 

C1 ' ' .. ::'i Y the informant is stored m tne 

md: t ■ written v.- 

.... ■■ ,. P r S of a memory sen die .... 

wav t:o-.t ..;.h: ...^b-- s „_, 3>ic .e h for tue 
f decreasing fie id f- 



....... • ,-it Geo L eoto - tJ 

the ' ; ; bbo-.-w; 

.. , Df che layers 
reinan/b-' .. - - 
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pro 
a c '"' 



:rre nt intensities respect 
:ieI3 streng- 
t 1 V") - ensures 



he fieli strength desirea 



C V : ' ' • ' - " / t p - i - t ' ; o 

7\ .' . -,-v, .,riv been written to the stmagc 

cna " " . .,.,-1- n 'niiher Droqrarav.'.-.::j 

.. ,., --« n into a Layer wu. a - 
has ■ - ---- anain when 

-V, is not overwritten again 
field strength is net ,., v ch a re 

■ f . r ...^ 0 „ = s written to further lasers, ~-c 
mfoioa. -c. - . M ^iv lower proqramninq 

with respective!/ xoa- • t 

then •■ ! ■ - ~ u 
fie" ~ 



- v-f.iyv 



12 o che advantages, reactions, effects a:i,: 

"• of ch^ meched according to tne 
.IVlrence is hereby also made further to tne 



inven" 



t-hp Vcove explanations 
full disclosure of the .xlo Adva ntaoeous 
1R th . r ^, rv according to che invention. Ad/anc 
15 the - ' . ,^nrn-na tc the invent, on 



. , . .... - ■ ■ -:=. subclaims 
erne:. - . ■ 



2 0 



25 



- +"ip]d strengths a- — a - c : 

. ...... produced by currents - - 

P ieL! --^"- * , ; nto the conductors. 

-gmtudes being pressed n ; t layers are 

dlffer . ? , t field strengtn s - ^ ~ spacing of 

fll ^h-- determined by a di-feien. pt, - 
:n;i r :, .elation to the electric conductors. 

, r i, ale- conceivable that for settino 
Furthermore, .z i- - ,.. ferc on the oasis 

th e .vaanetizacion directions m the ^er- 

lh, d strengths of different magnitudes 
h-.hih bv characteristics of the layer ma 

:,e la'yer thickness and/or the layer morpno.og,. 

the aforementioned exarrples have a^-eaay bee. 
^naively farther above , reie:e.o.- 
r , ... co the embodiments cited. 



3 0 and /co 

Since 
descr- 
a^ to 



3 5 



Ac cor : 
a met: 



; . the third astect cf toe ooeseo.. • - ■ 

-,vi=> • - qt- ive reac •■•o - 
f reading from a maguetoio.,-S..i 

: ing to the invention as — - 



memo i v a i c o\ - ' " " . n<ro»it 

. , . , q -v according t :> tn^ 

prov i .< ■■ • "' 
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■ hv the following steps: a) impies.m, 
character i to- by the to * n nvr .-c, c f vU 

, f . - - data into the individual 

defines .-■•..-..: ^- , . ■ ren c y c .ata 

■ ™ -in surh a way tnat the i~ei.. 
multilayer system in su<_n _ _ 

: . ... -,-ssea into that layei 

12 : ^ , n s «c the magnetization 

.. - - ; strength t< < s_l 

S-O'.ve:- . , , i q rh^n impressed 

direrrion. a:,! that the iter, of data = - 

i-i-Vi the respecti\ e._\ - 
■ ^ - -hp avers vvi^n me t 

11 •"' ^ 4- Vi b) riececMiic: a peas-,..- 

; .:..iH qt-r^aqth; ano l-; 
requisite — o s.i-9 , OR the 

information change in the iayei -r 

basis cf th, defined item of data impressed. 

■ method according to tr.e ; . nveui : - 

"V."" .. .-Voreaistive memory can be read cut in a 
sl „,,le ,,ay. - n to tne « 3 

e£ , ft . :C£ and the functions cf t he metnoc ; c - 

• „ addition to in., 

t-h- invention, -n , - 

. - r pfer-nce is hereby maae to the — x 

description, lelerence , Hnn r .~. -he 

„. - Mie above explanations lelc...-, 

meii:i : Th - J invention £cr«icin 3 to .memory. 

achci-i : a- • - 

The hac,— of the methld acc , « ^ 
£or readl , 3 fro. a memory » «»- " ' , u<t! 

--aaa £ t raraaaa « 

25 °' " * ... f rhe stiitc-o. cts-j. --■ 

;;:: ; ii,,: r.a; aa 

. .. . ^r. 3W inc tne impression o: - : 

heen *ritier: wit,: a d.ff- t 

info— .fon content o a ^ ^ 

c -i. ..t..., -hn. impression uf tn-. spe — 

£: '" U " i:,. a . fhe level had previous also oeen 

ch ': ? ;„ ; t « o f ir.*™,^. » 

"■ 1 ":- : :y':: ,r r a«ionlai imptitance that the item if 
case, ~- ■ - * ra ., opr ^ ;at a 13 tc --c 

.. ....... k nown. The item of .aig t . 

tar9 ^ lci , nf data which, as 

mean that it--m -i 

descrih^ -eve, is specifically writ., ^ - 
cell . 
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T ... ir.formati:n change or the absence of an 

,,,, traced. Ex,m P lar, embodiments o, ..^ - 

^ e in more detail in the turcnei 

5 the ac^'."ro:rira- 

...... v, able tc carry out the action of readies 

rolVVa^e c.11 « «or. 3 . of the .ry ,s 

, , f irsr - of all these layers ar, r.ad, 

;?; d ;: t :: 3 :: s^cif ;can y ^.«* — — < 

; I::; ,hith ,e d .he lowest prc g «,r, fi.la 

1 ^ r to set the magnetization -recr.cn. 

8treI,? " ■ ::/[Z of data is therefore written to the 
The soeci -c i multilayer 
q . 0 .,, a . C P-:] or the individual lasers or 

SLU '" ...-I in the sequence oi 

svsiem ol the storage *d in - 

^cita.rt: programing field strength. 

-.^n-pru- o' the method according tc the 
Ad- it" oneccs emcodiment fc — 

invention .merge ::rc,r the subclaims. 

20 T - np information change in the layer or tne 

I 1 " ' .,,aiMv be discovered cy measure t;t, 

l / V- s -ance. Since the electrical resistance 
e r C ;:; cell depends on the magnetization 
of ne --oiaj- n -dividual 

o-ioi nr antipara^lel) -ii -- i( = --^ 

of Possrhle i~ 
^ertrtc resistance means that tn.. 

■ or of individual layers of 

rcn ~f -.he storage cell or a 

30 tne memory ceil has changed. 



15 



-„ addition, ore possible InferMtlcn !|: 

_ -.^ n aupr= can be carrieu 

lave:: or • i,a - ,eu . n * w , - 

ru ' rr , r , and/or voUa 3 e poises. If the acta 

3, too to.o.oo- Lte. of data to the layers 

. ... ..- an infoiaiation change, a «-••• 

..... a so access ir. the process, arc. cot. 
l„.l,.i rot the case in which no oarrer.r at 
;i; t :. 3 e seise la detected, this mean. tea 



of 

I LlCj 
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information change has taken place either in the layer 
or the layers. 

...... ,., cl! of 3 possible information change in tne 

.„ ,, p fpr a hlv be carried cut 
, ri-. e lasers can prei'^a^-.,. 

5 b X'r, a,d after the passion and/or during c fee 
i,;:,.^^, of the specific item of data into o -V- 
or zhe layers . 

advantaoeous refinement, a spe:ifit item of data 
-..-cp-c- -'el- the same value car. be irnp'-vbseJ 

;J';, 1 ,r in t; all the layers. If information ir. 

b"ra.Tform, that is to say with lcgic values — 

• 0- is stored m the storage ceils, the specin-- 

of data which is written successively to ail tne ,a y ^ 

" , i _ , r - 0 Ht-hpr rhp loaic value 

or the storage cell can hav* either .i.e 

O i o ■ 

u . ,,.,-er reimemenu, xC is also conceivable for an 
2C r te m"o7data which belongs to an alternating algorithm 
to be impressed successively into the layers. 

The results during the detection of a possible 
ion change for each layer can advantageous _y c, 
stored intermediately, at least temporarily, - - 
suitable storage device. 

n-e invention will now te explained m more e-.an 
using exemplary embodiments and with reference to tne 
3 0 appended drawing, in which: 



2t 



P ., : ^sr-ws a schematic perspective view 

■ ■ o-r-vaop r^ll according to the 
n',:i.:;ne-.oresiscive s.ciage >-_xj. 

pricr art; 

p f a . lb shows a schematic cross-sectional view ot the 
storage cell according to Fig. la; 
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Fia . shows an equivalent circuit for a storage- c.-~ 
according to Fig. la; 

Fig , shows a schematic cress-sectional view cf r, 
" f :,-.. pediment _f a multivalue memory c,l- 
-r-i^na to the rnve:itit:i, a two- v.--. a... 



,. ... the ''"- i -- WS d 



i: Fig. 
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s ,.„. a crcss-seetronal vi« ot -_«*« 
elbodi^nc of the ...ultivaLue storage c.x 
according tc the invention. 

n - t - 0 1- show a storage cell 11 ot 
Fl '3 s - lcl L ^ r , tc th- prior art. 

^netoresistive memory 10 according t. th P 

ii is designed as a s.n_-- 

The storage c.'.._x • • _ , ,. -i 

ch ,„ r , r pi; and has *n u ; >pe- -• 
e i„~ tr -c conductor, which are alignea orth.gu...-. 
ee ,~ other ana intersect at an intersect i - ^ 
, re''' 11- At the mtersect.cn there i, ■ 
2i' st._-iat.r-. lc- h hare magnetic 

svatav, M with two "9n.tic -y._-- i ^ ^ ■ ^ 

la-er :^ a:*- * - a n _ - -, v . ■ 
toKS IS. i* the,, is e tunnel 6,.!. - ■ - 
' ... u, at equivalent urcuic 

s """:: :::h, SC ec i£ie a, * ^ — ,: 

h: t ;i; e d "therein between the conductors 12 - 
p ; mi ; ng on whether the .agneeisaeion direct^ ; 

■ levers '=5 It are in p3.iaa.-e_ - 
- ,- - r -v*. magnetic la/eis -j, 

aC ":.. a ;; ei The example according to Fig. lb shows an 
ant: lpa -ctuei. - r . i ns _ 

30 antipataUe! aUg-ent of the "^"-^ ., 

A parallel magnetization d m -^ e --ation 

value, while an ant .parallel m^ne 

direct ::.r. leads to a higher resistance value 

... -„ ,. -o write to the storage ,e_. 

... :ri v.- are impressed 3imu_--i_-uu_.__ 

, 13 The magnetic Held genera, - 

conch:"": . :. ' r . : 

r ,,-, s at the m:er^:::-- 
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12, 

r I- 



., S an adequately high field strength there for 
. ; :„,.. M Lion of the soft magnetic iayei 

The .. ,, e cell 11 and the memory 10 formed from one 
Ihe " ' 1 r .. lla n n-d a relatively large 

5 or mac. each storage c^lib H n~- 



area . 



Tn c , 0 circumvent this disadvantage, a multivalue 

In C. ■ • rrr.nnqpd TWO 

m ..... ,-,pa multivalue storage cells is proposed, 
merni..: - • -n* rplls according 

.... embodiments of such storage ce.h, 

.Lvent.or. are described ir. rigs. 2 ana ,. 



exer; 
lo l . 



Hn c-hematic form a tv,o-.a,ci ... 

Fiq '. mows in fo'-neuidL.-^ 

J to known. Between the 

storag, cell 11, as it is knc* rc _„ 

,c el-- conductors 12, 13, a, cn- 

15 6 . -.,,^em - with a D.urai:c; 

t Wr a maitilay^i b.,b-en. • . 

i avers 31, 12 and tunnel dielectrics 
■ arranged between them. 



hi a a n 

each 



_ .- rle the multilayer system has n magnetic 

20 Ir. a..;'-., pie, . _ ,-, f fYf.se n 

lave -,-= the condition n>2 applying. -f -- 

lcl - e ^" . Hrr d ; r ,wi on can be set in m 

la „ p ...= the magnetization da,. 

" -' "" " -f rh- at her adjacent layers, - 

independentl> of tn- ju.. 



layer - 

, r'-af • n :;i m -' 2 



t wo 



30 



In t -,_ exemplary embcdiment according tc fig. 2 

n t,., - s u, 31 are illustrated, - — 
ma2n "'" ' i3 - /Tjls - ' " . each case be sec 

n^-n----- ''ation directions 33, 34 can 

"" -he car'- views 2a to 

irde ,,a-aently of one another, .he par. 

of - ■ 2 in this case show the d^ei- , 

a:..: on states or magnetisation .i.e 

laver 3 31 , 32 . 



le 
i .1 



ma in 

IT; ' 



:1 .1 



ci P - — 
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■'. i nomeiic -.at .ire 
-,. r ■ -f the storage ce.-± • 

.7,:; r wiU be to name the magnet izac i on directions 

v . t , -.-^ponding reference numbers, such as lo^ 

.. « V ' -h-* magnetisation — 

ana reference 

, ., . . increasing magnitude ,f the 
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m for the magnetic layers counted fro, top to 

" ' - pl: - •()" stands for the magnetization 

-from left to right:" shzwn m -ig*. - • 

stands for the magnetization direction "fro,; 
t- " shown in tigs. 2 ana 3. 



d:. 

loo J . 
r: ~-;V 



Accc 
tot? 



lO ■ ■ 

3 - , 
mag r: 
resu. 



... - r fig . 2 ana the part "iews shown therein, * 
1 ~-',ur different magnetization states can oe s., 
'1.1,^^ Lvers 31, 3.:. Ac tor ding to fig. 2a, n 
10 acc^ance'with the nomenclature introduced above, a 

,,,„ applies to the set xngnet izat-^n - — 

'a looic "0" likewise applies to tnc 

Ar-r,riinq to Fig. 2b, the 
direction . Au-.orainy 

, -, ■ «-» fia. 2 shews the 
- c = "0" and -.4 = - • 

rest:, ,_,„,■.« n-hj le 

15 magnetization state ,z = - - apd 

fig . t d shows the magnetization state - 

34 = 

Pii'-iodnpiv: of a storage ceu ^ -~ 

.„ : .- lq . 3. ^ «u u ^ «° 

. .. -"estric tenducttrs 1,.- ^ 

ir - 1 -- -1 " .. . v 4e i,,,ated at the 

mi ,T'-=.-er system « h ^" 

. ,. „ r -,-, n C f the conductors — J 

mfe .^e^t..jn . , iQ-45, 

prM -- case is formed of five magnet... -a.ei- - 

- v re »pecM«e magnetization zirections ,c- 
25 in Vase be set independently cf ed,acent 

a r , v . r ^ a .= a c umv: x a 1 e - e - - - - - - - 



be'" . 



magnetic layers . 



30 Rc ~. -,,-.= to the ncraendature introduced ahove, the 
stoit.ge cell 11 according to tig. 3 h«s .L- 



mag: 
d: r- 



^r t 7on state: lawyer 41 has a magnetization 
.. a 6 with legic "0", layer 42 ^ a 

.. ,^.- r - "7 W i-h legic "1", layer i.ab 
• • : r.: direction -- , — a 

""" n " ' ■ ' _ i . . r « i " la'/er " 

,. .. -•■•,rcn direct icn 4B witn uy — 
- d " ^ ,. , n 4 c. with logic "0" ana 

has ■ magnetization direction 4. ^ : v 

lav . ; 5 has a magnetization direction = t .. • 
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Ir. 

I vp 
tha- 
fit: 



, , c bp able to write specifically to zh, 
'■:,U* 11 explained above, the ^cus .aanea: 

, -. or 41-45 must satisfy u.e 
different current intent 
- ,:. uc: n q conductors li , ^ - 



rp -. . :■■ yration. inxo — — - 

this case, --* 1C "- B 
be impressed into 



This' "can be achieved by respectively 

St 

the individual layers. In — — - 

^nituies can be implied int. 
a:.. n , v . ^-if^^r-^nt field 
!> n and then produce the aif-~r.n 

fl r -he remagnetizaticn c: tne x..— 

* t 7he saxe time, in order tc provide 

-f different magnitudes to • 

;Li:n' directions in the individual layers, us. 



10 con."; ; vers r - _ ^ . in dividual 

. r -,r ier cc prcvi - 

Ac 

str 

maq 

15 is ~ , .„„, 7 „,-:, H i and the 



„ ad , of the deferent physical spaci, 3 between 

f.„ h.= v-ema^necizto 
respectively to d_ ~o _ 



co 



ll 



2 , 13. 

of storing c ne 



. i ,m the storage ce... 1 



I , VPrs 31, 32 or u.x~ - - 

20 ir.cv -ai Layers storage 
. ,„ ,.^p- t ed such that the ia.tr 
x - " •••• . h .. Mffl . M r fi :-f decreasing 

re -,- ...^ v/ritter. to m uhc 

C - ie ld strength. This means tnat fust o. 
? 7.i::\Zrs whicn need the highest field strength 

a- 1 .. „^ rr , r * written to 

nc r . ,- ^ magnetization airetticn ai - 

25 to a ... ^cr^cr ivelv neea a 

f , rc - vbile those layers waieh respect , 
f t- r w th- purpose are subsequently 

lower- field strength for th_- P ^ has 

tc 

aire ■ : L '"'- " .,^v a hiuhei 



strength tor cm* F-^- - 

v« I- hat information that ha„ 
This ensures tnat ^ ^ ^ 



" ... rltt ,n into the .tor.,. =.» 



•5 n 



. yntten into a layer wit.- - 
mi' . .„ r ,vrUt Pn aaam 
.Held strength cannot lc .v ~ — 

""mat ion is being written into further lavers. 



wher. 



.ding procedure, according to the 



35 met':.- : :s spe ^ ^ ^ 



if led which, far example, is 

_f t-v^- resistance 

^ ,-, asurenent o. — - ^ ^ ^_ ; 

Hr d/r>- voi-aae pulses .v: ■• -> 

cut r--: ;t auu/ . - _ 

.. :.- P ,, of information is imprest 
def v.' - n i C o be read, 

corresponding bit of the storage .ell U - 
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i n 



The 



at ion content of the storage cells 11 
■•":= changed during the complete re 



H'O.-.x no 
nee .; 



additional reference storage 



..,--H-.n method will now be descrited by v:ay of 

exaumve using an m-bit cell, whi:h is designed as 3 
2 —11. This ::ell has exactly nr. (with m = 2; 



ma-::: 



-cable layers, each of which has a 
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direction MRk, MF.k des arising the 
Zn direction of the kth magnetic layer, 
urom cop tc bottom, where 1 • k ■= 

r -,> nrcspn 1 " in binarv 
st;cr i :e C eil contains tne .iat« Lw. pi -& - 

f ,^,.. ,, r ,^re ■ 5 k < m. In order to read tout this cai: , 
alp.- .-.-d item of data S.-c = Efix. where 1 t < < m, is 
w ^ t ,^ to this cell in the sequence ot increasing 
cM i M field strength (first of all, therefore, 
1.1 , h .- se ' layers which need a lew field strength m 
11;,, - ■ • the macnetization direct icn) . For example, 
h .. l k< this it em of data can have the icgic value 



25 



E the start of this read operation, it is 
: h : re fore true that MRk = Dk, and after it has been 
,-n-r' ai.ed, MRk = Etix, foi axx - <■ " s ~ 

- . --^r- ir which a current and/or voltage pulse is 
during tne kth write aperatitn, this is a 
'Z^Z indicator that a change has taken place m tne 

"".1. ^c, kth item of data, that is to say it is 

'1.1 111 o k " = the item if data that is the complement. 
;/ ?ti>: . Before the 3e fined item of data Efix was read 

mrc vie layer 
...... - •' — v a 1 ha:: was :r.e 

35 ,1^ n .vhich no current and/cr voltage pulse is 
d ,._^,_d it is true that Dk = Efix. Thus, after tne 
rZn operation has been completed, the complete binary 



30 



the latter therefore had stored the 
complement of Efix. Foi the 



da ! 



;;!: , che storage cell is available 
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the detection of a current and/or 

resistance in each 



... .1 xtemat ive tc 

ryclse, a measurement of the electrics, 



20 



ease tefore ana after 



.... • ... earned item of data Efix into tne ccne^ :; 

5 m/'^ also be performed for each write operation. In 
'.-J. r.f an m-bit cell, a 2-bit cell in the present 

i; s , -Ms means that a total of m + l measurements, 
,.easuremer.cs in t.he present case, have to oe 

r '..'h,„, ^ T v, e individual measured values for each 

10 !^;i.:.'Te' intermediately stored, at least temporarily, 
, suitable storage device. For the case in wmch, 
-he measurements relating to the kth bit, the 
resistance values before and after the impression of 
the of data Efix are different, it is true that Dx 

ir ^ , - e imoressicn of the item of data Efix was 

0 , ;i m..,--v the item of data that is the complement of 
Efi ; : . in the case of identical resistance values betore 
impression of the item of 



resuir. is Dk = Efix. 

The r t : ,amg method cited above was used to 
t t n-rni^r methods are als: 

? - h ; r ; — j .3. row^vci- , ^ •■ - 

f or cells with m > 2 . 



